Abstract-This study presents various transient responses behaviours of a single long horizontal ground conductor due to various types of its surrounding homogenous soil. The study is done in time domain using TLM method for the transient node voltages and transient node currents along the ground conductor are demonstrated to be dissipated faster into its surrounding soil with a low resistivity value. It also shown that soil at low hills with rich soil and trees environments is more suitable to be the burial medium of a ground conductor compared to soil at high-rise city streets and industrial areas.
INTRODUCTION
Normally, ground electrode is used to provide electrical connection from power system ground point to ground. It is important to have a proper grounding not only for personnel safety purposes but also to improve the reliability of equipment and reduce the damages which are resulted from high transients such as lightning or fault currents [1] , [2] . Thus, a simulation technique using appropriate numerical model of Maxwell's equations is necessary to study this situation, which should be encountered in practice [2] , [3] .
National Electrical Code (NEC) provides the minimum standards for grounding where an ideally ground should have a zero impedance [4] . This ground resistance is depending on the soil resistivity parameter which will vary through out the year especially in the area where the moisture and temperature of the soil are varied due to seasonal changes [4] . For a grounding system to be effective it should be designed to withstand the worst possible conditions, which is when the soil has the highest moisture in it [2] , [4] . However, soil is in layers and rarely homogenous, so its resistivity will vary greatly in practice [2] , [4] . Also, the soil permittivity parameter is not typically constant. It is also greatly depending on the moisture in the soil and the burial depth [4] . However, in this study it is assumed that the soil medium is homogenous. Also, grounding system is to be developed against high frequency transients, i.e. for lightning protection system (LPS).
II. LIGHTNING PROTECTION SYSTEM
Transient has been used for a long time in representing an event that is undesirable but momentary in nature, especially in power system [1] . The notion of damped oscillatory transient which is due to RLC network is probably what most power engineers would think of when they hear this term. Other definition of transient is denoted as it is a part of the change in a variable that disappears during transition from one steady state operating condition to another [1] . Another word that is in common usage and often considered as similar to transient is surge [1] .
The transients can be classified into impulsive and oscillatory [1] . An impulsive transient is a sudden, nonpower frequency change in the steady state condition of voltage, current, or both that is unidirectional in polarity [1] . It is normally characterized by its rise and decay times, and commonly caused by lightning [5] . Also, an impulsive transient can excite the natural frequency of power system circuits and produce oscillatory transients [5] . On the other hand, an oscillatory transient is a sudden, non-power frequency change in the steady-state condition of voltage, current, or both that includes both positive and negative polarities [1] . It is typically caused by load switching, e.g. utility power factor correction capacitors switching [5] .
As lightning cause transients, an LPS is used to protect electric equipment from these transients [2] . Some examples of LPS are grounding system, air terminal, conductor and surge arrestor [1] , [2] . However, the main purpose of an LPS is not only to stop the lightning from striking but it is used to control the path of the transient currents after a lightning stroke [2] , [5] . Normally, most electrical and electronic damages in power systems are not due to a direct lightning stroke which is rare [2] , [5] . The damages actually occur due to indirect lightning strikes which are usually within a few hundred feet [2, [5]. Many power quality variations that occur within customer facilities are related to grounding problems [1] . Good grounding is not only for the personnel safety purpose but also to provide protection for power plants and all equipment in it [1] , [2] . A good grounding system will improve the reliability of equipment and reduce the likelihood damages such as resulted from a lightning stroke. NEC defines ground as a conducting connection, whether intentional or accidental between an electrical circuit or equipment and the earth, or to some conducting body that serves in place of the earth [1] . Also, NEC Article 250-51 states that an effective grounding path shall be permanent and continuous path so that it could conduct safely any fault current which likely to be imposed on it [1] . Such grounding path also needed to have sufficiently low impedance to limit the voltage to ground and to facilitate the operation of the circuit protective devices in the circuit [1] . The ground shall not be used as a sole equipment ground conductor [1] . These definitions provide a minimum standard for a grounding system.
III. TRANSMISSION LINE-MODELLING METHOD
Numerical methods can approximate solutions of Maxwell's equations with very good accuracy, and the results they provide are often regarded as benchmarks. Transmission Line-Modelling method (TLM) is one of time domain numerical methods [2] , [3] , [6] . TLM employs a network of discrete transmission lines connected at scattering junctions in order to simulate the behaviour of a distributed system [2] , [3] , [6] . It is based on the analogy between field quantities and lumped circuit equivalents. The space is discretised using a mesh of transmission lines connected at nodes. The fields, which are represented by wave pulses scattered in the nodes and propagate in the transmission lines, are calculated at each node at every time step. At each timestep k(ǻt)s voltage pulses k V i are incident upon the node from each of the link-lines. These pulses are then scattered to produce a set of reflected voltages k V r which become incident on adjacent nodes at the next timestep (k+1)(ǻt)s. The TLM algorithm employed in this study is based on [2] , [3] .
TLM is chosen due to its simplicity and accuracy. As it is based on a distributed model of electrode and closed form mathematical expressions, the ground conductor is treated as distributed models of capacitors, inductors and resistors in series connected in π -circuits tending to open-ended transmission line when the number of circuits increases [2] , [3] , [6] . Theoretically, TLM has many advantages due to its physical model with an exact computer solution [2] , [3] , [6] .
IV. SINGLE LONG HORIZONTAL GROUND CONDUCTOR MODEL
A single long horizontal ground conductor model (SLHGC) model is constructed under the assumption of its surrounding soil is homogenous and the ground conductor is fully buried in the horizontal position. The diameter of the conductor is also assumed to be homogenous along its length. Transient responses along the ground conductor are studied at first (n=1), firstquarter (n=N/4), middle (n=N/2), third-quarter (n=3N/4) and end (n=N) segments with a derivative Gaussian wave is used in representing the impulse of direct lightning stroke injected at the first segment following [2] , [7] - [9] . The physical model of the SLHGC is as illustrated in Fig.1. In Fig. 2 , the ground conductor is shown as a lossy transmission line terminated with an RC load circuit representing an open circuit termination in the 1-D transmission-line model. Also, the Thevenin equivalent circuit is as shown in Fig. 3 .
Series resistance, R d is calculated using (1) with c ρ is resistivity of the SLHGC and A is surface area of the SLHGC [10, 11] . Sunde has derived the formula of series inductance L d , shunt capacitance C d , and shunt admittance G d for a ground conductor in which given by (2) , (3) and (4), respectively for r as conductor radius, d as burial depth, ρ as soil resistivity and r ε as soil relative permittivity [2] , [11] .
The excitation voltage with derivative Gaussian function is as shown in Fig. 4 and calculated using (5) with V o = 100kV is the peak value, k is the time step number, t Δ is the time step, s is the time span to half width of the wave as described in [2] , [7] - [9] .
There are five homogeneous soil models considered in this study which are Soil Model 1, 2, 3, 4 and 5. Details on their soil resistivity and soil permittivity parameters are as listed in Table I and following [12] . Tables II and III listed the dissipation percentage values  of transient node voltages and transient node currents, respectively, which calculated using (6) and (7), respectively.
( ) TABLE III  DISSIPATION PERCENTAGE OF TRANSIENT NODE CURRENTS   From Table II , it is shown that for all the soil models, the transient node voltages are gradually decrease as the transients propagate from one end to the other end of the ground conductor. This is indicated as the transient node voltages are gradually dissipated into its surrounding homogenous soil when traveling from the injection point to the termination end. Soil Model 1 with lowest soil resistivity value has the lowest peak amplitude transient node voltages left along the ground conductor. On the other hand, Soil Model 5 with highest soil resistivity value has the highest peak amplitude transient node voltages left along the ground conductor. It could be concluded that transients are easier to be dissipated into homogenous soil if the soil has a very low soil resistivity, such as shown by Soil Model 1 which having 
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. Hence, all the soil models presented in this study have followed the basic electric circuitry law.
Generally, the transient node currents of all the soil models have shown similar behaviour of which the transient node voltages where their peak values are gradually decrease as the transients propagate from the injection point at the first (n=1) segment to the end (n=N) segment of the ground conductor. The transient node currents left on the ground conductor is found to be lowest for Soil Model 1 as this model has the highest dissipation percentage as tabulated in Table III As the SLHGC is modelled with an open circuit termination, the transient node current at the end of the ground conductor (n=N) for all the soil models followed Ohm's Law which is 0 = c k
I
. Again, it is noted that all the soil models presented have followed the Ohm's Law.
It is indeed the SLHGC model presented in this study could be used in representing the simplest grounding system arrangement for LPS purposes.
VI. CONCLUSIONS
Basically, this study has presented that homogenous soils with different characteristics will demonstrate different behaviours of the transient responses of a SLHGC against hight transients such as the lightning response. Results obtained concluded that the lower the soil resistivity, the faster the rate of such transients to be dissipated into the homogenous soil. In other word, a ground conductor is more suited to be buried inside homogenous soil with low resistivity such as low hills with rich soil and trees environments rather than inside high-rise city streets and industrial areas where its soil resistivity value is a lot higher.
